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^ ■ Abstract 

r^P ' Rates and CP asymmetries of the non-leptonic two-body decay of B c are calculated based 

on the low energy effective Hamiltonian. We concentrate on such b quark decays of the 
processes with and 1 S-wave particles and/or + and 1 + P-wave particles in the final 
states. The Salpeter method, which is the relativistic instantaneous approximation of the 
original Bethe-Salpeter equation, is used to derive hadron transition matrix elements. Based 
, on the calculation, it is found that the best decay channels to observe CP violation are 

^pH 1 B~ — > i] c + D~(Dq~), which need about ~ 10 7 B c events in experiment. Decays to r/ c + 

D*-(D-), h c + D-{D*-){D* ~), J/* + D*- are also hopeful channels. 
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1 Introduction 

The discovery of the B c meson [1] has provided a new valuable window for studying the heavy 
quark dynamics and CP violation. Studies on the B c decays and their CP asymmetries have 



drawn much attention in accordance with the coming LHC-b experiment. Since the LHC-b is 

O ■ 

expected to produce around 5 x 10 10 B c events per year [2] and to provide detailed information 
about the B c meson, it becomes more and more strongly relevant to investigate B c decay and 
^ ■ its CP violation in detail. 

There are two major reasons which make the B c meson special. The first is that it is unique 
to have two heavy-flavored quarks, composed of a charm quark (anti-quark) and a bottom anti- 
quark (quark). The other heavy quark in the Standard Model, i.e. the top quark, cannot form 
a hadron because of its too short lifetime to be hadronized. The second reason is that it can 
decay only via weak interactions, since the pure strong and electromagnetic interacting processes 
conserve flavors, and the B c meson, as the ground state of cb system, is below the BD mesons 
decay threshold. Due to these properties, the B c meson has a long lifetime and rich decay 
channels. 

The quark diagrammatic approach has established and well developed for meson decays. In 
the approach, there are five diagrams contributing to B c decays: the color-favored tree diagram, 
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c c 
c. QCD penguin diagram 

Figure 1: The tree and QCD penguin diagrams of non-leptonic two-body B c decay, q = u or c 
and q' = s or d; q x ranges from u,d,s to c. 

the color-suppressed tree diagram, the time-like penguin diagram, the annihilation diagram 
and the space-like penguin diagram. The direct CP violation requires at least two diagrams 
with different weak and strong phases contributing to the relevant process. The weak phases 
come from CKM matrix elements within the Standard Model, and the strong phases arise from 
final state interactions including penguin effects (hard strong phases), which can be estimated 
perturbatively, as well as rescattering effects (soft strong phases), which cannot be estimated 
solidly now. Therefore, we only discuss penguin effects for the generation of strong phases in 
this paper. 

Non-leptonic two-body decays can play an important role for exploring the direct CP vio- 
lation. So far many works on non-leptonic B c decays and their CP violations have been inves- 
tigated [3]-[16]. But in those works CP violation of the channels with P-wave final states has 
not been considered. Here we are going to concentrate on such non-leptonic two-body decay 
channels that may have direct CP asymmetries: We study the b(b) quark decays with final states 
involving not only pseudoscalar (CP) and vector (1~) particles but also + and 1 + P-wave parti- 
cles. Since the contributions from the annihilation diagram and space-like penguin diagram are 
helicity suppressed, these two type diagrams are ignored in our calculation. Furthermore, the 
electroweak penguin effects are much smaller compared to the QCD penguin effects, so only the 
QCD penguin effects are considered here. Therefore, only the two tree diagrams and the time- 
like QCD penguin diagrams are fully considered (see Fig. 1). The CP asymmetries arise from 
the interference between the penguin diagrams and tree diagrams or/and the penguin diagrams 
themselves. 
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In our calculation the factorization approach is assumed and the Salpeter method is used: 
With the factorization approach, the amplitude can be expressed by the products of form fac- 
tors and decay constants. The Salpeter method is used to calculate the form factors at finite 
recoils. In doing so, a relativistic treatment is needed especially for B c — >■ D / D s + X processes, 
since the D/D s mesons are bound states composed of a heavy and a light quark and the rela- 
tivistic corrections to such particles may noticeable. It is well known that the Bethe-Salpeter 
(B-S) equation is a relativistic two-body wave equation and the Salpeter method is just the 
instantaneous approximation of the B-S equation. With the Salpeter equation and well defined 
wave functions, we can treat the bound states relativistically. Therefore, in our calculations the 
relativistic corrections are also systematically covered. 

The remainder of this paper is organized as follows: In section 2, the factorization approach 
based on the low energy effective Hamiltonian is introduced to evaluate the decay amplitudes. 
Section 3 contains a brief review on the Salpeter method and our model calculation. Section 4 
is devoted to numerical results and discussions. 

2 Nonleptonic two-body decay and its CP asymmetry of B c 

In weak decay analysis, the basic starting point is the effective weak Hamiltonian [17], which in 
the case of b — > u decay is 

n cS (^B = 1) = ^ |^V^(CiQ¥ + C 2 Q U 2 ) - V*V£l?j (-^ + Q 4 - |j + Qe) j , (1) 

where Qf, are the tree operators in b — > u decay, which would be replaced by Q\ , Q\ in b — > c 
decay. Q3,Q4,Qs and Qq are the QCD penguin operators. All these local operators are 

Qi = {q' a u p)v~A{upb a ) v ^ A , 

Q2 = {q' a u a )v-A{upbp) V -A, 

Ql = (q'a c p)v-A(cpb a )v-A, 
Ql = (q a Ca)v-A(cpbp) V - Al 

Qs = (q' a ba)v-A'^2(qxi3qxi3)v-A, (2) 
Qi = {rfgbp)v-A ^(qxpqx^v-A, 

Q5 = {q'a b a)v-A^2(qxpqxp)v+A, 
q x 

Qe = {rfgbp)v-A ^2(,q x /3qxa)v+A, 



q.r 
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where q' = s or d, and the subscript a, (3 are color indices. q x ranges from u, d, s to c. The 
operator ('ipi a ip2p)v-A = ^107^(1 — 75)^2/3, and the operators with V + A represent for the 
right-handed currents. In Eq. (1), C\, C 2 in front of the tree operators are Wilson coefficients. 
N c = 3 is the number of colors and V qq > are the CKM matrix elements. = u,c,t) are the 
QCD loop integrals [4, 18]: 

T A f 1 /I M "T-M.c - fe 2 x(l - X) 

4,c = -4 / x(l - x)ln ! § dx, (3) 



1 1 Z" 1 (l-x)[(2 + mf/m^)(l-x)(2 + x) + 12x] 

"9 + 6y 



dx, (4) 



m?/m 2 w + (1 - m 2 t /m 2 w )x 
where m UtC j are the current quark masses; k is the momentum of the gluon in penguin diagram, 
see Fig 1 c. Usually one takes a certain value of k 2 in the range [\m 2 , \m\\ or [0, ml] [19]. As 
argued by the authors in Ref. [6], it is not a good choice to pick up a fixed value of k 2 for all 
decay modes. In this work, we follow the simple kinematic picture presented in Ref. [6] for the 
value of k 2 . One can see from Fig. 1 c, as c quark being a spectator, the relation of the momenta 
among the quarks and gluon pf, = k+p q i = p Qx +p qx +p q ' are hold. Since the q' quark and the q x 
anti-quark form a meson, noted as X, the momentum of X satisfies px = Pq x +P q >- With these 
relations one can get k 2 = m 2 + m 2 , — 2Ei,E q / + 2\pt,\\p q i \ cos(</>), where <p is the angle between 
the 3-momenta of b quark p^ and q' quark p q > in the rest frame of the X meson. Since the angle 
4> is unknown, we use the averaged value k 2 to evaluate the loop-integral functions. After all, 
one get 

k 2 1 TYl 2 

-2 = o (! + « " " -f )/ m x + K' + 2< - m 2 x )/m 2 ). (5) 

/? t ^ I) 

Now we turn to evaluate the decay amplitudes in factorization approach [20, 21] and take the 
B~ — > r] c + D~ channel as an example. The decay amplitude of this process is (rj c , D~ \H c r\B~) . 
First, consider the color-favored tree diagram (see Fig. 1 a), where the tree operators Q\ and 
Q2 contribute. Using the Fierz rearrangement 

{^ 1 ^ 2 )v-a(^3^4)v-a = (^l^ 4 )y-A(^3^2)y-A, (6) 
(*la^2/3)y-A(^3/3^4a)y-A = W c (*la*2a) V-A^3^^)v~A + Octet, (7) 
(^ 1 ^ 2 )v-a(^3^4)v+A = -2(^ 1 ^ 4 )s+p(^3^2)s-P, (8) 

where the "Octet" is the color-octet term which does not contribute in the factorization ap- 
proach. One can get the amplitude of the color-favored tree diagram 

^V cb V: d a^Vc\(cb) v ^ A \B-)(D-\(dc) v ^ A \0), 

where a\ = ^- + C 2 - The other two amplitudes (corresponding to Fig. 1 b and Fig. 1 c) can be 
obtained in the same way. In the penguin diagram, we will encounter the term (dc)s+p(cb)s-p, 



where (qiq2)s±P = (^(l^Ts)^)- To evaluate these terms, we use the equation of motion, which 
gives 



{P'\qMP) = ^(P'k'iT^lP), 
{P'\q±im\P) = ^^(P'lniMlP), 



(9) 
(10) 



where P and P' are the momenta of initial and final states respectively and mi,m2 are the 
current quark masses. Now we can write the decay amplitude of the process 



G F 



V2 

x (1 + 



»i - ^^(Vu b v: d i ut + v cb v; d i ct )(i - ^)x 



2M 2 D _ 



(m b - m c )(m d + m c ) 
+ V cb V; d a 2 {D-\(db) V -A\B-){ Vc \(dc) V - A \0) }, 



(r, c \(cb) V -A\B-){D-\(dc)v-A\0) (H) 



where a 2 = ^ + C\ and I ut = I u - I t ; I ct = I c - I t . The unitary condition, V ub V* ql + V cb V* ql + 
Vt b V^ q , = with q' = d or s, has been used to achieve the expression. The decay width is 
2- Enoi l-^| 2 > where p is the 3- momentum of one of the final state particles in the rest 



8itM^ ^pol 



frame of B c . Generally the amplitude can be written as 



(12) 



M = VaV^T! + V ub V: g ,T 2 

The amplitude for CP conjugated process can be obtained by conjugating the CKM matrix 
elements but not T x and T 2 , i.e. M = V* h V cql T x + V* b V uq ,T 2 . 

The CP asymmetry is defined as 

T(B+^f)-T(B-^f) 

Acp -T(B^f) + r(B^ f y [L6) 

Inserting the expression of the amplitude, one can get 



*Acp — 



2£Im(712J)(^-(^r; 



E 



2\Ttf + 2|^| W + 2Re(T 1 T*)(^ + ( 



' uo uq' I / uo uq' 



v cb v*, 

L " eg' 



(14) 



In the Wolfenstein parameterization of CKM matrix, up to the A 3 order, only V ub has weak 
phase, so we take 7 = arg(— y*y d ) — arg( y*V"° )■ Then the CP asymmetry drops to a simple 
form: 



, = ei 2£lm(rir 2 *) S in 7 

cp £ \TtffBi + BiZ \T 2 \ 2 + e,2 £ Re(TiT 2 * ) cos 7 
sin o/ 



(15) 



1 + D2 cos 7 ' 



where ei 



= +l,e 2 = -1 corresponding to B 1 = \ty%&\,B 2 = 



In our calculation, we take numerical values of CKM elements as [22] 

\V ud \ = 0.97425, \V US \ = 0.2252, \V ub \ = 3.89 x 10" 3 , 

\V cd \ = 0.230, \V cb \ = 0.0406, \V CS \ = 0.97345. (16) 

For current quark masses and QCD coupling constant, we take [4] (m u , m^, m s , m c , m b , m t ) = 
(0.005,0.01,0.175, 1.35,4.8, 176)(GeV) and a s (m b ) = 0.235. 

3 The Salpeter method and the model calculation 

To estimate the decay rates and CP asymmetries, the hadron matrix elements need to be cal- 
culated. In our work, we use the Salpeter method [23], which is the relativistic instantaneous 
approximation of the Bethe-Salpeter (B-S) equation, with well defined wave functions to deal 
with the hadron matrix elements. 

The B-S equation [24] is written as 

(l*i - mi)x„(g)(jfe + m 2 ) = ij 4^V(P, k, q)xp(k), (17) 

where Xp(l) is B-S wave function of the relevant bound state. P is the four momentum of the 
state and pi, p 2 , mi, m 2 are the momenta and constituent masses of the quark and anti-quark, 
respectively. From the definition 

d , _ mi 

pi = aiP + q, Qi = 



p 2 = a 2 P - q, a 2 = 



mi+m 2 
m 2 



mi + m 2 

one can deduce the expression of relative momentum between quark and anti-quark q. V(P, k, q) 
is the interaction kernel which can be treated as a potential after doing instantaneous approxi- 
mation, i.e. the kernel takes the simple form (in the rest frame) 

V(P,k,q)^V(\k-q\). 

For convenience, we divide the relative momentum q into two parts, 

q^Ql + ql, q^P-q/M 2 P», = - gf, 

where M is the mass of the meson. Correspondingly, we have two Lorentz invariant variables: 

q p = P ■ q/M, q T = yf^fi_. 
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With the definitions 



M9±) = * J ^fx P {q^q±), v{q±) = J j^ v ( k ±,q±)^ P (q±)i 

and after performing the integration over qp in Eq. (17), the B-S equation can be written as 

A+(q ± )r ] {q ± )A+(q 1 _) A^(q ± )ri(q ± )A^(q ± ) 



(18) 



M — UJ\ — UJ2 M + UJ\ + UJ2 

where oj\ = m\ + q^ , L02 = \J m| + g 2 , and Af, are the generalized projection operators, 



Now we introduce the notations 



With these notations the full Salpeter equation can be written as 

(M - wi - w 2 )v9 p (g ± ) ++ = A|(g±)r?(g±)A+( (?± ), 
(M + wi +w 2 )^p(9±)~" = -Ar(9±)»/(9±)Aj(g±), 
^(9±) + "=0, M<L-)~ + = 0- 



(19) 



In our model, the Cornell potential, which is a linear scalar interaction plus a vector interaction, 
is chosen as the instantaneous interaction kernel V. 

In solving the equations, the constituent quark masses are taken as 

m u = 0.305 GeV, m d = 0.311 GeV, m s = 0.5 GeV, m c = 1.62 GeV, m b = 4.96 GeV. 

The form of wave functions with certain quantum numbers J p ^ = 0~( + \ + W, l+(+) 

and l+t-) 1 are written as 



<Po-{+)(Q±) = 

i Pi-(-)(q±) = 

<PiH+)(q±) = 

<PiH-)(q±) = 



M 

(q± • d) 



— ai(q±) + 02(41) + ^«s(g±) + -j^-a A (q A 



75, 



+ A ^(6) + (^ £ - o ± ■ ei)67(?±) + ^{P A it- PqL ■ <L)h(q±), 



h(q±) 4± + h(q. 



± 



r 4± 

M 



1 



+ M A±h(q±) 



+ fs(q±)M + f 4 (q ± ) ?, 



4c P u n a c^P 



+i94(q±)e w,a5 P*q± pm /M 



gi(q±)M^ + g 2 (q ± ) f-f + g 3 (q ± ) ^7" 



/M 2 



/»i(?±) + h 2(q±)^ + M<Z±) *l + M<Z±)^ 



75, 



(20) 



1 J P for general particles, J PC for quarkonium i.e. the equal mass system. The wave functions satisfy the 
correct C-parity spontaneously when the masses of quark and anti-quark are equal. 



where a,i(q±),bi(q±), fi(q±), gi(q±) and hi(q±) are wave functions to q\; M is the mass of cor- 
responding bound state; is the polarization vector for J p = 1 ± state. With these wave 
functions, we solve the Salpeter equation (Eq. (19)) and get 

M D0 = 1.865, M D - = 1.869, M D - = 1.968, M Vc = 2... 980, 

M D , = 2.006, M D ,- = 2.011, M D L = 2.112, M J/q , = 3.097, 

Mn,o = 2.317, M n *- = 2.323, M n l- = 2.318, M y n = 3.415, 

V ' D ' D s0 ' XcO ' 

M Xcl = 3.510, M hc = 3.526, M D - (2460) = 2.459, M D - (2536) = 2.535, 
and Mb c = 6.276 in unit of GeV. In our method, the wave functions are constructed for certain 
J PC quantum state, such as Xd, which is a J PC = 1 ++ state and also a 2s+1 Lj = 3 P\ state and 
h c which is a l + ~ or 1 P\ state. This is the case for quarkonium. For the particles composed 
of a couple of quark and anti-quark with different masses, the two states are just 3 Pi and 
1 P\ states and both are J p = 1 + states (such states don't have C-parity), so the mixture 
between the 3 Pi and 1 P± states may happen. If one puts the quark masses equal, the two states 
are spontaneously deduced to 1 ++ and l +_ states respectively. The particles 1^(2460) and 
1)^(2536) are considered to be mixed of 3 Pi and X P\ states. In this work we take the mixing 
relation as 

where \P^ 2 ) corresponds to the D,7i(2460) an d |Pf^ 2 ) corresponds to the 1)^(2536). Interested 
reader can find details about the Salpeter method and our model in Ref. [25]. 

With the wave functions of bound states, we can calculate hadron matrix elements, such 
as (r] c \(cb)v-A\B~) (D~\(dc)v-A\0) ■ According to Mandelstam formalism [26], at the leading 
order, the transition matrix element can be written as [27] 

<ifc|(cr^6)|B-> = I ^Tr[^(q ± + a' 2 P' ± )T^(q ± )^], (21) 

where T 11 = 7^(1 — 75); P and M is the momentum and mass of initial state, i.e. the B c 
meson; P' is the momentum of rj c and P' ± = ^P; a 2 = m ™+ mc ; and (^++ = 7o^ c + 7o- The 
(D~\(dc)v-A\0} is just a decay constant. For J p = ± and 1 ± particles, we define decay 
constants f ± and f ± ± as 

(P(0 ± )|(g 1(?2 )^ A |0)^i/ 0± P^, (22) 
(P^W^v-aIO) = if 1± Me». (23) 

Accordingly the transition matrix elements can be expressed with form factors: 

{P'{U±)\{q iq2 ) v _ A \P{B-)) ee f + (P + P'Y + f-(P- Py, (24) 
{P'{l±)\{q iq2 ) v ^A\P{B-)) ee j^P 11 + h^-P"* + + ihe^ pp ', (25) 



Table 1: Decay constants used in our calculation in unit of MeV. 



L- 


fk~ 


to 


fnt 


fp 


fk* 


f<t> 


Id* 


to 


130 [22] 


156 [22] 


207 [22] 


258 [22] 


205 [28] 


217 [28] 


231 [28] 


245 [29] 


272 [29] 




fr]c 


to 


ton 


/d s i(2360) 


to i (2536) 


fxco 


fxci 


fh c 


409 [30] 


420 


137 


109 


227 


77.3 





239 






where /± and /j (i = 1,2,3,4) are form factors. After all the hadron matrix can be expressed 
in the products of decay constants and form factors. 

4 Numerical results and discussions 

We now use the method previously illustrated to estimate the non-leptonic two-body decay 
widths of B c meson and their CP asymmetries. In our calculation the decay constants are taken 
from experimental values or Lattice QCD results, if available. Otherwise, we use the values 
shown in Table 1. 

The decay widths of B~ — > rj c (J/^f) + X~ for general values of the Wilson coefficients a\ 
and a2 are tabulated in Table 2 compared with the results from other models. We can see 
that the results from different models are roughly comparable. In our calculation the penguin 
contributions are shown explicitly keeping the weak phase free. Then it is easy to say that 
the CP violation arises from the interference between the term with e~* 7 , which is the penguin 
contribution, and the terms without it, which are dominated by the tree contribution. 

The decay widths of B~ — > Xco/Xci/h c + X~ for general values of the Wilson coefficients a±, 
0,2 and weak phase 7 are shown in Table 3. For B~ — > Xco/h c + X~ decay, the contribution from 
the color-suppressed diagram is vanished due to the zero decay constants of XcO and h c , so the a\ 
term dominates the decay width. But this is not true for the decay B~ — > Xci + X~ . We can see 
from the table that the numerical factors in front of 02 are about several times as the factors in 
front of cti, and because the Wilson coefficients are usually taken as a\ = 1.14, 02 = —0.20 [30], 
the two terms are in the same order and may cancel each other a lot. It means that in this case 
the decay widths are largely suppressed and may cover effective contributions from the penguin 
diagrams. 

The decay width of B~ decaying into a heavy meson (D, D~ , . . . ) and a light meson (tt, K, . . . ) 
are shown in Table 4. In these decay channels, either the color-favored tree diagram or the color- 
suppressed tree diagram contributes. It can be seen from the table that the penguin diagram 
contribution is in the leading order as the tree contribution in decays B~ — > + . For 
the decays B~ — > D^Z +7r°/p°, noticing 02 — —0.2, one can find that the penguin effects are as 
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Table 2: The decay widths of B c — > rj c (J/^) + X in the unit of 10 15 GeV for general values 
of the Wilson coefficients oi, a 2 and weak phase 7. 



Final States 


Ours 


Hernandez et. al. [14] 


Hady et. al. [7] 


Ivanov et. al. [13] 


Vc + D- 


|0.438ai + 0.290a 2 - (0.0487 - 0.0174?) 
+(0.0185 - 0.00770i)e-*T| 2 


(0.438ai + 0.236a 2 f 


(0.485ai + 0.528a 2 )^ 


(0.562ai + 0.582a 2 )^ 


Vc + D*~ 


|0.431oi + 0.329a 2 - (0.0196 - 0.00681i) 
+ (0.00673 - 0.00305i)c- i7 | 2 


(0.390ai +0.136a 2 )^ 


(0.466a x + 0.452a 2 )^ 


(0.511oi + 0.310a 2 )^ 


Vc + D*~ 


|0.293ai + 0.289a 2 - (0.0458 - 0.0149?) 
+(0.0156 -0.00691^6-^ | 2 








J/tp + D~ 


|0.371ai + 0.258a 2 - (0.00273 - 0.000978i) 
+ (0.00113 - 0.000432i)e- < T | 2 


(0.328ai + 0.156a 2 ) x 


(0.372ai + 0.338a 2 )^ 


(0.462ai + 0.277a 2 )^ 


J/tP + D*- 


|0.212ai + 0.273a 2 + (0.00307 - O.OOlOOi) 
-(0.00105 - 0.000463i)e- < T | 2 








ric + D~ 


|2.32oi + 1.81a 2 - (0.259 - 0.0909i) 
-(0.00471 - 0.00221j)e _< T | 2 


(2.54a! + 1.93a 2 ) 2 


(2.16ai + 2.57a 2 ) 2 


(2.73oi + 2.82a 2 ) 2 


r\ c + D* a ~ 


|1.98oi + 1.82a 2 - (0.0909 - 0.0309i) 
-(0.00177 - 0.000764i)e- < T | 2 


(1.84oi + 1.17a 2 ) 2 


(2.03ai +2.16a 2 ) 2 


(2.29oi + 1.51a 2 ) 2 


Vc + D*q 


|0.987ai + 1.34a 2 - (0.169 - 0.0550i) 
-(0.00320 - 0.00139i)c~ i7 | 2 








7^ + 0^(2460) 


|1.45oi + 1.70a 2 - (0.0691 - 0.0218i) 
-(0.00129 - 0.0005611)0"^ | 2 








7^ + 0^(2536) 


|0.475ai - 1.59a 2 - (0.0227 - 0.00704i) 
-(0.000450 - 0.000183i)e _i7 | 2 








J/i)> + DJ 


|1.92oi + 1.52o 2 - (0.0151 - 0.00528i) 
-(0.000274 - 0.000129i)e -i7 | 2 


(1.85ai + 1.23a 2 ) 2 


(1.62ai + 1.72a 2 ) 2 


(2.19oi + 1.32a 2 ) 2 


J + D* s - 


|0.714oi + 1.29a 2 + (0.0163 - 0.00531i) 
+(0.000309 - 0.000134i)c~ i T| 2 









Table 3: The decay widths of B c — > Xco/Xci/h c + X in the unit of 10 15 GeV for general 
values of the Wilson coefficients ai, a 2 and weak phase 7. 



Final States 


Ours 


Xeo + D- 


|0.193ai - (0.00142 - 0.000508i) + (0.000587 - 0.000224i)e" r) '| 2 


Xeo + D*- 


|0.224ai - (0.0101 - 0.00353i) + (0.00349 - 0.00158i)e"* 7 | 2 


XeO + D*~ 


|0.109ai + (0.00158 - 0.000514i) - (0.000538 - 0.000238i)e~ r) '| 2 


h c + D~ 


|0.292ai - (0.0325 - 0.0116i) + (0.0135 - 0.00514i)e"^| 2 


h c + D*- 


|0.290ai - (0.0131 - 0.00458i) + (0.00453 - 0.00205i)e~^| 2 


h c + D*- 


0.131ai - (0.0205 - 0.00668i) + (0.00699 - 0.00309i)e~*T 2 


Xd + D- 


|0.0465ai + 0.173a 2 - (0.00516 - 0.00185i) + (0.00214 - 0.000817i)e~^| 2 


Xel + D*- 


0.0217ai + 0.164a 2 - (0.00339 - O.OOllOt) + (0.00116 - 0.00051H)e - * 7 2 


Xco + D~ 


|0.991ai - (0.00779 - 0.00273i) - (0.000142 - 0.0000665i)e" r) '| 2 


XeO + D*~ 


|1.00ai - (0.0460 - 0.0157t) - (0.000898 - 0.000387i)e" i7 | 2 


xeo + d*- 


|0.367ai + (0.00837 - 0.00273i) + (0.000159 - 0.0000689i)e" i7 | 2 


Xc0 + ^;i(2460) 


|0.631ai - (0.0300 - 0.00946i) - (0.000559 - 0.000243i)e~ l T| 2 


Xc0 + £>7 1 (2536) 


|0.192ai - (0.00917 - 0.00284i) - (0.000181 - 0.0000739i)e" r) '| 2 


h c + D~ 


|1.46ai - (0.163 - 0.0572i) - (0.00297 - 0.00139i)e"^| 2 


h c + D*- 


|1.26ai - (0.0580 - 0.0197*) - (0.00113 - 0.000487i)e"^| 2 


h c + D*v 


|0.445ai - (0.0761 - 0.0248i) - (0.00144 - 0.000627i)e~ l7 | 2 


/i c + D7 1 (2460) 


|0.716ai - (0.0340 - 0.0107t) - (0.000635 - 0.000276i)e" l7 | 2 


/i c + I>7 1 (2536) 


|0.214ai - (0.0103 - 0.00318i) - (0.000203 - 0.0000827i)e"^| 2 


Xel + D~ 


|0.232ai +0.930a 2 - (0.0259 - 0.00909i) - (0.000471 - 0.000221z)e"^| 2 


Xel + D* s q 


|0.0740ai + 0.716a 2 - (0.0127 - 0.00412i) - (0.000240 - 0.000104i)e- l7 | 2 



10 



Table 4: The decay widths of B c — > D+light meson in the unit of 10 15 GeV for general values 
of the Wilson coefficients cti, a 2 and weak phase 7. 



Final States 


(Jurs 


Choi et. al. [16J 


D° + K~ 


(0.00425a! - (0.000286 - 0.000116«))e l < — (0.0156 - 0.00367z) z 


(0.00625a! y 


D v + K 


(0.00621<2i - (0.000267 - 0.000108z))e n - (0.0143 - 0.00367z) 2 


(0.00866ai) 2 


D u + ii 


(0.00614ai - (0.000115 - 0.0000466z))e 7 — (0.00629 — 0.00148z) 




D 1 u + A 


(0.00942ai - (0.000404 — 0.000164z))e 7 — (0.0217 — 0.00556z) 




/J U + A 


(0.00401ai — (0.0000753 — 0.0000304iJ je ' — (0.00411 — 0.000966z) 




-^0 + K 


l^u.uuoy^ai — ^u.uuuzoo — u.ukjulum) )q 1 — ^u.uio/ — u.uuooiin 




D -j- 7T 


1 1 n m Kr\n - (c\ nnnos' : ! n nnn/in/i^o - *7 _i_ fn nn9»/i nnnn7a/i<nl^ 
l^u.uioucti — ^u.uuuyoo — u.uuu^u^xjje 1 -t- i^u.uuzo^ — u.uuu<y4zj| 


(C\ 091 7n, \'l 


i> + p 


|(^U.Uz4yai — (^U.UUlUo — U.UUU4o4iJje ' + (U.UUoUo — U.UUUoooiJI 


(U.Uo 1 4ai j 


~r vr 


\(c\ n9iQ«, nnn/199 n nnm Y/i^^o - *7 _i_ nm 99 n nnn^/ii^M^ 
| [u.uz iyui — ^u.uuu4zz — u.uuui i I ±t) je 1 -r ^u.uuizz — u.uuuo4iz j \ 




u -\- p 


| ^U.UO ( 4ai — (^U.UUIDZ — U.UUUOOZX ) fd 1 -\- ^U.UU4DZ — U.UU1Z02 ) | 




U Q + 7T 


li'nni/Lin, nnn979 n nnm 1 9-; N i N ic. — *7 j_ nnn787 n nnn99n-7 ,N il^ 






|(0.0238ai - (0.00103 - 0.000415i))e" i7 + (0.00294 - 0.000801i)| 2 






|(0.0108a 2 + (0.000649 - 0.000260i)) e - 17 - (0.00183 - 0.00051H)| 2 


(0.0155a 2 ) 2 




(0.0181a 2 + (0.000764 - 0.000315i))e" 17 - (0.00223 - 0.000608i) 2 


(0.0265a 2 ) 2 


I)* - + 7T U 


(0.0157a 2 + (0.000424 - 0.000170i))e" 17 - (0.00119 - 0.000333i) 2 






|(0.0270a 2 + (0.00114 - 0.000470i))e" 17 - (0.00333 - 0.000908i)| 2 




D*~ + vr u 


|(0.0102a 2 + (0.000275 - 0.000110i)) e - J7 - (0.000774 - 0.000216i)| 2 




+ p u 


|(0.0171a 2 + (0.000723 - 0.000297i))e" 17 - (0.00211 - 0.000575i)| 2 





large as the tree diagram contributions. So one can expect these channels have sufficiently large 
CP asymmetries. 

To estimate numerical values of decay rates and CP asymmetries, we now take a\ = 1.14 and 
a 2 = —0.2 [16, 30]. For the weak phase, we use the relation 7 = arg(p + if)) and take the value 
p = 0.132, fj = 0.341 [22], which give 7 = 1.20 (68.8°). The lifetime t Bc = 0.46 [31] is used to 
calculate the decay branching ratio. Taking these values we calculate branching ratios and CP 
asymmetries of non-leptonic two-body B c decay which are shown in Table 5 and Table 6. In the 
tables, Di and L> 2 are defined in Eq. (15); CfN in the last column are the numbers of Bf events 
needed for testing CP violation. For three standard deviation (3<r) signature ejN ~ bFJ? ' 
where e/ is the detecting efficiency of the final state. 

The channels of B c decaying into two heavy mesons i.e. a charmonium and a D or D s 
meson are listed in Table 5. These decays are dominated by the tree diagrams, and only for 
CP violation, the penguin diagram effects arise through the interference with the tree diagram. 
The decay ratios of the processes with a D meson (channels 1-15) in the final state are generally 
smaller than those with a D s meson (channels 16-40), since in the former processes the tree 
diagrams have CKM factor V c bV* d which is of order A 3 while in the processes (16-40) the tree 
diagrams have CKM factor V c bV* s ~ A 2 , where A = 0.2253 [22] is a Wolfenstein parameter. The 
CP asymmetries in the channels (1-15) are generally larger than those in (16-40). In order to 
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Table 5: The CP asymmetries and branching ratios of B c non-leptonic decays [I]. D\ and D 2 are 
defined as Acp = Di 1+0° cos 7 ' wnere 7 is the weak phase (see Eq. (15)); ejN are the numbers 
of B^r events needed for testing CP violation at three standard deviation (3a) level, which are 
decided by ejN ~ BrA 1 ' wriere e / ^ s the detecting efficiency of the final state. The following 
values are taken in calculation: a\ = 1.14, a 2 = —0.2 and weak phase 7 = 68.8°. For channels 
with r] c , J/^f and %&■> color-favored tree, color-suppressed tree and penguin diagrams contribute; 
for channels with XcO and h c only color-favored tree and penguin diagrams contribute due to the 
zero decay constants of the XcO and h c . 



No. 


Final States 




D 2 




B r (B+ -> /) 


B r (B c ->/) 


e f N 


1 


rjc + D- 


0.0432 


0.0920 


0.0390 


1.16 x 10" 4 


1.07 x 10~ 4 


5.30 x 10 7 


2 


Vc + Dq~ 


0.0680 


0.130 


0.0605 


F 1 

4.18 x 10 


3.70 x 10~ 5 


6.23 x 10 7 


Q 
O 


Vc + i-> 


U.U100 


n nQon 
U.Uozy 


n ni a q 
U.U14o 


1 in \; in- 4 

i.iy X 1U 


1 k w 1 n — 4 
1.10 X 1U 


q ir v 1 n& 
o. to X IU 


A 

4 


XcO + ^ 


n nnon7 
U.UUzU ( 


U.UUO00 


n nm no 

u.uuiyz 


o.o4 X 1U 


Q QQ w in - 5 
O.OO X 1U 


7 Qn v i nlO 
(.oU X IU 


r 

5 


1 n* — 
XcO + i^o 


-0.003 (O 


n nnc £n 
-U.UU859 


n nno £ 1 
-0. 00351 


1 nn w 1 n — 5 

i.uy X 1U 


i 1 n \s 1 n — 5 
1.1U X 1U 


R RR \/ i nlO 

b.bb x IU 


R 

b 


XcO + ^ 


n ni qq 
U.Uloo 


n nocQ 
U.Uzoo 


n ni oq 
U.Ulzo 


a on w 1 n — 5 

4.zy x iu 


a i q v i n— 5 
4.1o X 1U 


1 /ii v 1 n9 
1.41 X IU 


1 


ti c -\- u 


U.Uo ( O 


n riQ7n 
U.Uo 1 y 


n riQQfl 
U.Uooy 


D./IXIU 


R QQ v i n— 5 

b.oo x 1U 


1 on v 1 n& 
l.zU X IU 


Q 
O 


ft c + D 


U.UOOZ 


U.1U0 


U.U4/ 1 


1 07 v 1 n _ f) 
l.Z( X 1U 


1 ~\ R v in- 5 

l.lb x iu 


Q OK \/ 1 n8 

o.zO X IU 


n 

y 


tl c + ^ 


n m qq 
U.Uloo 


n nocQ 
U.Uzoo 


n ni oq 
U.Ulzo 


i .11 X 1U 


7 HQ w in — 5 
<\Uo X 11) 


q qq 1 n8 
O.OO X IU 


1 n 
IU 


Xcl + ^ 


n 1 £1 
U.lbl 


n ono 
U.zyz 


n 1 Q£ 
U.loO 


1 ro w 1 n — 7 
l.DZ X 1U 


1 oq v 1 n~ 7 
l.zo X IU 


Q A K v/ 1 n9 
O.40 X IU 


1 1 


Xcl + JJ 


n n^Qi 
-U.Ubol 


n one; 
-U.ZUO 


n CiRQR 

-U.Ubob 


o i /i w 1 n— y 
0.14 X 1U 


n qq v in- 8 

y.oo X IU 


o 1 n v i nlO 

z.iy x iu 


Iz 


Xcl + L> 


n m 7q 
U.U1 to 


U.Uo/o 


n ni r a 
U.Ulb4 


o^o in - 5 
Z.bz X 1U 


o KA in- 5 
Z.04 X IU 


1 Qn v 1 n9 
l.oU X IU 


lo 


T /„/, 1 7^ — 
J /IP + L> 


U.UUzob 


U.UU613 


n nno 1 n 
U.UU2iy 


n in — 5 
y.oo X 1U 


n £1 w in — 5 

y.oi X IU 


1 n^; \/ i nlO 

l.yb x iu 


1 A 

14 


T/«/. 1 PI* 


n nn /I co 
-0.00482 


n m 1 1 
-U.U111 


n nn /i k 1 
-U.U04ol 


o £n v/ 1 n — 5 
Z.OU X 1U 


o r^o v i n — 5 
Z.OZ X IU 


1 ^7/^ i nlU 
1. ID X IU 
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7 /„/, 1 n*~ 
J/^ + D 


n m kr 
U.UloO 


U.Uozy 


n ni a q 
U.U14o 


o oq sx 1 n~ 4 
O.Zo X 1U 


o ij v i n~ 4 

0.14 X IU 


1 qv ^ 1 nS 

1.0( X IU 


16 


Vc + D- 


-0.00239 


-0.00455 


-0.00223 


2.860 x 10~ 3 


2.873 x 10~ 3 


6.30 x 10 8 


17 


Vc + D* s0 


-0.00474 


-0.00891 


-0.00443 


3.322 x 10~ 4 


3.352 x 10~ 4 


1.37 x 10 9 


18 


Vc + D*- 


-0.000881 


-0.00195 


-0.000821 


2.273 x 10 -3 


2.276 x 10~ 3 


5.87 x 10 9 


19 


% + £> s l(2460) 


-0.000933 


-0.00205 


-0.000870 


1.091 x 10 -3 


1.093 x 10 -3 


1.09 x 10 1U 


20 


770 + ^(2536) 


-0.000447 


-0.00107 


-0.000416 


4.900 x 10~ 4 


4.904 x 10~ 4 


1.06 x 10 11 


21 


XcO + £>s~ 


-0.000119 


-0.000252 


-0.000111 


8.802 x 10~ 4 


8.804 x 10 -4 


8.28 x 10 11 


22 


XcO + D* s0 


0.000318 


0.000746 


0.000297 


1.273 x 10~ 4 


1.272 x 10~ 4 


8.04 x 10 11 


23 


Xco + D*- 


-0.000728 


-0.00163 


-0.000679 


8.412 x 10~ 4 


8.423 x 10 -4 


2.32 x 10 1U 


24 


Xc0 + ^7i(2460) 


-0.000728 


-0.00161 


-0.000679 


3.320 x 10 -4 


3.325 x 10 -4 


5.88 x 10 1U 


25 


Xc0 + ^;i(2536) 


-0.000730 


-0.00172 


-0.000680 


3.057 x 10~ 5 


3.062 x 10~ 5 


6.35 x 10 11 


26 


/i c + D- 


-0.00200 


-0.00387 


-0.00187 


1.576 x 10~ 3 


1.581 x 10 -3 


1.63 x 10 9 


27 


h c + DJq 


-0.00328 


-0.00651 


-0.00306 


1.298 x 10 -4 


1.306 x 10~ 4 


7.36 x 10 9 


28 


/ic + D*- 


-0.000728 


-0.00163 


-0.000679 


1.336 x 10~ 3 


1.338 x 10~ 3 


1.46 x 10 1U 


29 


h c + D~ (2460) 


-0.000728 


-0.00161 


-0.000679 


4.278 x 10~ 4 


4.284 x 10^ 4 


4.56 x 10 iU 


30 


/i c + D7 1 (2536) 


-0.000730 


-0.00172 


-0.000680 


3.827 x 10" 5 


3.832 x 10~ 5 


5.08 x 10 11 


31 


Xcl + £>7 


-0.0112 


-0.0160 


-0.0105 


1.964 x 10-° 


2.005 x 10 _e 


4.14 x 10 iU 


32 


xci + r>; 


0.00252 


0.00686 


0.00234 


3.609 x 10-* 


3.592 x 10-* 


4.56 x 10 11 


33 


xci + £>r 


-0.000995 


-0.00218 


-0.000928 


4.919 x 10~ 4 


4.928 x 10~ 4 


2.12 x 10 iU 


34 


Xc i+ £>7i(2460) 


-0.00108 


-0.00235 


-0.00101 


1.761 x 10" 4 


1.764 x 10" 4 


5.01 x 10 iU 


35 


Xci (2536) 


-0.000633 


-0.00150 


-0.000591 


4.259 x 10~ 5 


4.264 x 10~ 5 


6.05 x 10 11 


36 


J/ip + £> A 7 


-0.000139 


-0.000293 


-0.000129 


2.432 x 10~ 3 


2.432 x 10" 3 


2.21 x 10 11 


37 


JM + D% 


0.000458 


0.00108 


0.000427 


2.299 x 10" 4 


2.297 x 10" 4 


2.15 x 10 11 


38 


J/tP + D*- 


-0.000884 


-0.00196 


-0.000824 


6.752 x 10 -3 


6.764 x 10 -3 


1.96 x 10 9 


39 


7/^ + ^1(2460) 


-0.000875 


-0.00192 


-0.000817 


5.339 x 10" 3 


5.348 x 10~ 3 


2.53 x 10 9 


40 


J/^ + I>7i(2536) 


-0.000639 


-0.00151 


-0.000596 


1.123 x 10~ 3 


1.124 x 10 -3 


2.26 x 10 iU 
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Table 6: The CP asymmetries and branching ratios of B c non-leptonic decays [II]. D\ and D2 are 
defined as Acp = -Pi i+^'los-y ■> wnere 7 is the weak phase (see Eq. (15)); ejN are the numbers 
of B^r events needed for testing CP violation at three standard deviation (3a) level, which are 
decided by ejN ~ BrA 1 ' wriere e f ^ s the detecting efficiency of the final state. The following 
values are taken in calculation: a\ = 1.14, ai = —0.2 and weak phase 7 = 68.8°. Color-favored 
tree and penguin diagrams contribute in the channels (41-52); color-suppressed tree and penguin 
diagrams contribute in the channels (59-64); for the other channels in this table, only penguin 
diagram contributes. 



No. 


X lllOil kJ u CI Li CO 


-^i 




A 


B (B + f) 


B (B~ -> f) 




41 


D u + K~ 


0.133 


-0.509 


0.152 


1 83 x 10~ 7 


1.34 x 10 -7 


2.44 x 10 9 


42 


£><J _)_ K*~ 


0.201 


-n 735 


0.255 


1.70 x 10 -7 


1.01 x 10~ 7 


1.02 x 10 9 


43 


JJ*0 _|_ J£- 


0.235 


-n.970 


0.338 


5.41 x 10~ 8 


2 68 x 10 -8 


1 95 x 10 9 


44 


D*u _)_ k*- 


0.201 


-n.735 


0.255 


3 91 x 10~ 7 


2 32 x 10~ 7 


4.44 x 10 8 


45 




0.235 


-0.970 


0.338 


2.31 x 10" 8 


1.14 x 10" 8 


4.57 x 10 9 


46 


D *u + K *- 

u 1 


0.201 


-0.735 


0.255 


1.56 x 10" v 


9.23 x 10" 8 


1.11 x 10 9 


47 




-0.104 


0.338 


-0.0861 


1.93 x 10 -7 


2.30 x 10~ 7 


5.75 x 10 9 


48 


D u -1- n~ 


-0.0640 


0.221 


_n 0552 


5.41 x 10 -7 


6 04 x 10 -7 


5 15 x 10 9 

'..7 . A • 7 /\ ±U 


40 




-D 0285 


n n992 


-n n256 


4 25 x 1 0~ 7 


4.47 x 10~ 7 


3 15x1 10 


50 




-0.0640 


0.221 


_n n552 


1 22 x 10 -6 


1 36 x 10~ 6 


2 29 x 10 9 


51 


^ 


-0.0285 


0.0992 


-n.n256 


1.77 x 10" 7 


1.86 x 10" 7 


7.56 x 10 10 


52 


^n U + P~ 


-0.0640 


0.221 


-n.n552 


4.93 x 10- y 


5.51 x lO" 7 


5.65 x 10 9 


'JtJ 


£)- _|_ x u 


n nn.593 


n 0375 


n nn.545 


1.91 x 10~ 7 


1 89 x 10~ 7 


1 60 x 10 12 


54 


n- _i_ 

j _y x v 


DD576 


n oifti 

u.uouo 


n nn5^n 


1 60 x 10~ 7 


1 58 x 10 -7 


2 01 x 1 12 

Zj.UI /n xvj 




n*- -i_ zr u 

J V X 1 




n n^75 


n nn545 


s 2n x 1 o~ 8 


3 16 x 10 -8 


9 52 x 10 12 


56 




00576 


n 0363 


n 00530 


3.71 x 10~ 7 


3 68 x 10~ 7 


8 68 x 10 11 


57 


n*- 4. /<-u 


n nn.593 


n 0375 


n nn.545 


1 36 x 10~ 8 


1 35 x 10~ 8 


2 24 x 1 13 


58 


n*- _i_ 
iv -r 


n 00576 


n 0363 

t . t • r \ I • t 


n 00530 


2 72 x 10 -7 


2 70 x 10 -7 


1.18 x 10 12 


oy 




-u.4iy 


U.884 


n onft 

-U.zyo 


0.88 x 10 


7 1 /i w 1 n — 9 
X 11) 


1 Q7 1 nlO 
1.8/ X IU 


ftn 
bU 


D + p 


-U.359 


u.yuy 


-U.ZOZ 


n A A \s 1 n — 9 

y.44 X 111 


l.Oo X 1U 


1 1 w 1 nlO 
l.lo X 1U 


D± 


iy -+- 7T 


n 9/is 


n 71 3 


-U. 154 


c/o v 1 n~ 9 


Q 01 Y 1 r\—9 


Q on v 1 fl 10 

o.oy x iu 


62 




-0.359 


0.909 


-0.252 


2.11 x 10 -8 


3 52 x 10~ 8 


5 05 x 1 9 

kj • kjkj /\ x vx 


63 




-0 948 


n 71 3 


-n 1 84 


2 7(1 x 1 0~ 9 


3 92 x 1 -9 


8 07 x 1 1U 

U.U 1 /\ xvx 


64 

V t 


U Q ^ p 


-0 359 


n 9n9 


-n.252 


8 43 x 1 0~ 9 


1.41 x 10 -8 


1 26 x 10 1U 


DO 


L> s + K 


n n c;nQ 

-U.Uoyo 


-U.DOU 


n H70Q 

-U.U ( 16 


z.iy X 1U 


k A v 1 n — ^ 
z.04 X IU 


7 07 v 1 nlO 
I.Z ( X IU 


DO 


n~ _i_ zv*o 


n n7/i 7 
-U.U ( 4 < 


n ftQQ 
-U.Doo 


n non/i 
-U.U»U4 


1 on v 1 n~ S 

i.yu x iu 


z.zo X IU 


c 00 w 1 nlO 
O.ZO X IU 


67 


d; 0+ k» 


-0.0593 


-0.650 


-n.n723 


1.03 x 10" 9 


1.19 x 10~ 9 


1.55 x 10 i2 


68 




-0.0747 


-0.633 


-n.n904 


1.08 x 10~ 8 


1.30 x 10" 8 


9.25 x 10 1U 


69 


D*~ + 


-0.0593 


-0.650 


-0.0723 


3.22 x 10" 9 


3.73 x 10~ 9 


4.95 x 10 11 


70 


D*- + K*° 


-0.0747 


-0.633 


-0.0904 


3.75 x 10~ 8 


4.50 x 10~ 8 


2.67 x 10 1U 


71 


I>~i(2460) +K» 


-0.0593 


-0.650 


-0.0723 


3.75 x 10- 8 


4.34 x 10" 8 


4.25 x 10 1U 


72 


£>7 1 (2460) + K* U 


-0.0747 


-0.633 


-0.0904 


3.68 x 10~ 8 


4.41 x 10~ 8 


2.72 x 10 iU 


73 


£>7 1 (2536) + i-C u 


-0.0593 


-0.650 


-0.0723 


3.61 x 10~ 8 


4.17 x 10~ 8 


4.43 x 10 1U 


74 


££(2536) + i^* u 


-0.0747 


-0.633 


-0.0904 


3.15 x 10" 8 


3.77 x 10" 8 


3.18 x 10 1U 


75 


£>7 + 0° 


0.00422 


0.0414 


0.00387 


5.19 x 10~ 7 


5.15 x 10~ 7 


1.16 x 10 12 


76 


£ s * - + </> u 


0.00422 


0.0414 


0.00387 


3.02 x 10" Y 


3.00 x 10- y 


1.99 x 10 12 


77 


£>*- + </> u 


0.00422 


0.0414 


0.00387 


1.05 x 10~ e 


1.04 x 10~ d 


5.73 x 10 11 


78 


££(2460) + U 


0.00422 


0.0414 


0.00387 


1.08 x 10~ B 


1.07 x 10~ s 


5.56 x 10 11 


79 


££(2536) +0° 


0.00422 


0.0414 


0.00387 


8.65 x 10- y 


8.59 x 10- y 


6.95 x 10 n 
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test the CP violating effects, we need both branching ratio and CP asymmetry to be sufficiently 
large. It is shown in the Table 5 that the most favorite channels are B~ — > r/ c + D~ /Dq~ . 

In Table 6, we show that color-favored tree and penguin diagrams contribute in the channels 
(41-52); color-suppressed tree and penguin diagrams contribute in the channels (59-64); for 
the other channels in this table, only penguin diagram contributes. As discussed before, in 
the amplitudes of the processes (41-46) and (59-64), the tree contribution and the penguin 
contribution are in the same order, so only (47-52) are tree dominated processes. The branching 
ratios in Table 6 are generally smaller than those in Table 5: It is because (i) the tree amplitudes 
(if exist) in the channels of Table 6 are Cabibbo suppressed due to the small magnitude of V u b, 
and (ii) most of the form factors for the decays listed in Table 6 are smaller than those in Table 
5. 

The processes (41-46) and (59-64) have significantly large CP asymmetries. The CP violating 
effects are mainly coming from the interference between the tree diagram and the penguin 
diagram. Since the branching ratios of these decays are small, the numbers of B c for testing CP 
effects are around 10 9 ~ 10 10 , which may be too large for LHC experiments. 




y i 

Figure 2: Dependence of the CP asymmetries Acp upon the weak phase 7 in a few interesting 
processes. The shaded region is the constrained range of 7 measured in tree level B decay, which 
is about 48° ~ 95°. 
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Table 7: The branching ratios and CP asymmetries of a few interesting channels at different k 2 , 
where k is the momentum of gluon in the QCD loop integrals (see Eqs. (3-5)). 





B r (B+ -> f) 


A C p 


k 


0.35toj 


0.50m^ 


0.65m% 


0.80m% 


0.35m^ 


0.50to^ 


0.65m^ 


0.80m^ 


Vc + D 


1.09 x 10~ 4 


1.13 x 10~ 4 


1.15 x 10~ 4 


1.16 x 10~ 4 


0.0383 


0.0391 


0.0389 


0.0387 


Vc + D* Q + 


3.89 x lO" 6 


4.10 x 10" 5 


4.20 x 10" 5 


4.27 x 10~ 5 


0.0593 


0.0609 


0.0605 


0.0599 


Vc + D*+ 


1.16 x 10~ 4 


1.18 x 10~ 4 


1.18 x 10~ 4 


1.19 x 10" 4 


0.0142 


0.0143 


0.0143 


0.0143 


h c + D+ 


6.41 x 10" 5 


6.59 x 10" 5 


6.69 x 10~ 5 


6.75 x 10~ b 


0.0332 


0.0338 


0.0337 


0.0335 


h c + D* G + 


1.20 x 10" 5 


1.25 x 10" 5 


1.28 x 10" 5 


1.30 x 10" 5 


0.0469 


0.0480 


0.0477 


0.0473 


h c + D*+ 


7.08 x 10- b 


7.16 x 10" b 


7.20 x 10~ b 


7.23 x 10~ b 


0.0122 


0.0123 


0.0123 


0.0123 


J/tp + D*+ 


3.17 x 10~ 4 


3.21 x 10~ 4 


3.23 x 10~ 4 


3.24 x 10~ 4 


0.0143 


0.0144 


0.0144 


0.0143 


Vc + Dt 


2.69 x 10~ 3 


2.79 x 10~ 3 


2.84 x 10~ 3 


2.88 x 10" 3 


-0.00223 


-0.00226 


-0.00225 


-0.00223 


D*° + K*+ 


4.02 x 10~ 7 


3.85 x 1(T Y 


3.66 x 10"' 


3.51 x 10~ 7 


0.142 


0.279 


0.342 


0.383 



According to Table 5 and 6, the e/iV of the decays B~ — > r] c + D~/Dq~ are of order ~ 10 7 
and the values for the processes B~ decaying into 7] C + D*~/D~, h c + D~ / D*~ / D* Q ~ , J/^ + D*~ 
and D*° + K*~ are of order ~ 10 8 . Since the LHC-b is expected to produce around 5 x 10 10 
B c events per year, they are hopeful channels to be tested for the CP violation. In Fig. 2, we 
draw the CP asymmetry vs the weak phase of these channels to see their dependence on 7 using 
Eq. (15). The shaded region is the constrained range of 7 measured in tree level B decay, which 
is 48° ~ 95° [22]. From the figure we can see the CP asymmetries of these processes may suffer 
about ~ 30% uncertainty. Fortunately the Global fit of the Wolfenstein parameters provided a 
more rigorous constraint for the weak phase 7. 

In calculating the QCD loop integrals we take the gluon momentum k by using Eq. (5). For 
the processes in Table 5, k 2 is estimated to be around (0.6 ~ 0.7)m 2 , and for the processes in 
Table 6, k 2 to be around (0.4 ~ 0.5)m^. Eq. (5) is based on a simple kinematic picture, but it is 
too simple to reflect the final state hadronization dynamics. So we investigate how much it will 
affect the CP asymmetry and decay rate if the value of k 2 varies. The branching ratios and CP 
asymmetries of most interested channels at different k 2 are shown in Table 7. According to the 
table, the branching ratios of all the channels are barely affected by k 2 . For CP asymmetries, 
only the CP asymmetry of B~ — > D*° + K*~ process is sensitive to the value of k 2 . Actually 
we find that the branching ratios of all the channels calculated are barely affected by the value 
of fc 2 , and so are the CP asymmetries of processes (1-40), but the CP asymmetries of processes 
(41-79) are sensitive to k 2 . 

In summary, we calculated the decay rates and CP asymmetries of non-leptonic two-body 
decay of B c meson. Based on our calculation we have found that the best decay channels 
to observe CP violation at LHC are B~ — > r/ c + D~ /Dq~ . Decays to r/ c + D*~ /D~, h c + 
D~ / D*~ / Dq~ , J/ty + D*~ are also hopeful channels. In this work the soft strong phases are 
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not calculated, which may cause uncertainty of the results and need further study. 
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